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Ethiopia is susceptible to frequent climate extremes such as disastrous droughts and floods. These 
disastrous climatic events, which have caused significant adverse effects on the country’s economy and 
society, are expected to become more pronounced in the future under climate change. To identify the 
potential threat of climate change to the Ethiopian economy, this study analyzes three major factors that 
are changing under global warming: water availability under higher temperatures and changing 
precipitation patterns, the impact of changing precipitation patterns on flooding, and the potential impact 
on crop production of the carbon dioxide (CO2) fertilization effect. These issues are analyzed based on an 
existing multi-market-sector model for the Ethiopian economy, with a focus on agriculture. Our analysis 
finds that the major impact of climate change on Ethiopia’s economy will result from more frequent 
occurrence of extreme hydrologic events, which cause losses in both the agricultural and nonagricultural 
sectors. To adapt to these long-term changes, Ethiopia should invest in enhanced water control to expand 
irrigation and improve flood protection.  
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1.  INTRODUCTION 
Ethiopia is Africa’s second most populous nation. It is endowed with significant arable land, labor, and 
natural resources. High population growth combined with low agricultural productivity has made Ethiopia 
one of the poorest nations in the world. Agriculture accounts for almost 41 percent of the gross domestic 
product (GDP), 80 percent of exports, and 80 percent of the labor force. Many other economic activities 
depend on agriculture, including the marketing, processing, and export of agricultural products (Ofcansky 
and LaVerle 1991).  
Ethiopia, like many low-income countries located in tropical or subtropical regions, is vulnerable 
to the adverse effects of climate change because of its heavy reliance on agriculture and lack of adequate 
rural (and urban) infrastructure. Climate extremes have already significantly affected economic 
development in the country in the past. During the coming decades, climate conditions are expected to 
worsen, rendering Ethiopia’s population particularly vulnerable.  
The International Food Policy Research Institute (IFPRI) has participated in assessing prospective 
investment strategies for Ethiopia that aim to accelerate agricultural and economic development with the 
objective of alleviating poverty. To do this, IFPRI researchers developed a spatially disaggregated 
agroeconomic model to analyze linkages between growth and poverty reduction at the national and 
regional levels (Diao et al. 2005, 2007). Due to the impact of climate on the economy of Ethiopia, the 
original agroeconomic model was improved by accounting for climate variability with a dynamic climate 
module (Rodgers 2004; Block et al. 2006). However, all these studies were based on historical climate 
data, without incorporating future climate variability and change into the modeling framework.  
Climate change is already occurring, however, and failing to consider future climate conditions in 
poverty alleviation strategies could potentially lead to suboptimal investment decisions or mal-adaptation. 
Although the projection of future climate conditions has long been a controversial issue, the assessment 
report of the Intergovernmental Panel on Climate Change (IPCC) is authoritative and the range of IPCC 
predictions is widely accepted.  
To assess the economywide impacts of climate change in Ethiopia, this work integrates the IFPRI 
agroeconomic model and the climate predictions based on IPCC’s Fourth Assessment Report (AR4) of 
2007. The analysis spans the period from 2003 to 2050. The major purpose of this work is to identify 
potential adjustments that should be made to poverty alleviation strategies for Ethiopia as a result of 
global warming.   
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2.  CLIMATE CHANGE AND IMPACT ON AGRICULTURE 
According to IPCC AR4, human activity has significantly increased the concentration of carbon dioxide 
(CO2) and other greenhouse gases (GHGs) in the atmosphere. Because the atmosphere’s ability to capture 
and recycle energy emitted by the Earth’s surface is essential to a stable climate, increasing emissions of 
GHGs lead to higher temperatures and introduce a destabilizing influence on global weather patterns and 
long-term climate. Climate change and agriculture are interrelated. Global warming is recognized as 
having a significant impact on conditions affecting agriculture. Although developed countries are 
responsible for most GHG emissions, climate change will disproportionally affect developing countries. 
In particular, climate change can adversely affect plant growth, resulting in potential adverse impacts on 
food production and therefore food security.  
Climate change affects crop production through several processes. To explore the impact of 
climate change on agriculture, both direct and indirect effects of elevated atmospheric CO2 must be 
assessed. Atmospheric CO2 enrichment itself has a significant effect on plant growth even without climate 
change (Goudriaan and Zadoks 1995). An increase in the CO2 concentration adds additional carbon to 
ecosystems via photosynthesis and likely benefits crop growth (Poorter 1993; Wittwer 1995; Fuhrer 
2003). According to Mendelsohn and Neumann (1999), the physiological effects of rising CO2 levels 
could even have a positive influence on agriculture when other factors are considered.  
The major adverse effect of climate change comes from the changing hydrologic balance, limiting 
crop water supply (Fuhrer 2003). Global warming is expected to cause a significant increase in 
temperature and in extreme events with both very high and very low precipitation. Higher temperatures 
increase plant evapotranspiration and thus reduce soil moisture. Lockwood (1999) estimated a potential 
evaporation increase of 2–3 percent for every 1 degree Celsius temperature increase, using the Penman-
Monteith method. As a result, regions with current water shortages are likely to be more sensitive to 
climate change, while more humid areas may be less affected (Brumbelow and Georgakakos 2001). 
More frequent extreme events will result in a less stable water supply for crops as well as more 
disastrous droughts and floods. In fact, the increasing frequency of extreme hydrologic events, both 
flooding and drought, could be the most significant result of future global warming (Fowler and 
Hennessey 1995). In the last decade, records of extreme weather conditions have been broken every year. 
Extreme weather has already resulted in an increasing number of disastrous floods and droughts, which 
are associated with huge economic losses. Changes in the frequency and magnitude of floods and 
droughts are also considered to have the most adverse effects on crop production. IPCC’s Third 
Assessment Report predicts increases in droughts, floods, and other extreme events in Africa that will add 
to stress on water resources, food security, human health, and infrastructure and that will constrain 
development in this region (IPCC 2001). In Ethiopia during the 1900–2009 period, 12 extreme droughts 
occurred, killing over 402,000 people, affecting more than 54 million people, and causing damages of 
approximately US$93 million. Over the same period, 47 major floods occurred, killing 1,957 people, 
affecting 2.2 million people, and costing the country US$16.5 million in damage (EM-DAT 2009). 
The impact of climate change is complicated. In addition to atmospheric CO2 enrichment, 
changes in the hydrologic balance, and the extreme events discussed above, other climate factors could 
also have a significant impact on Ethiopia in the future. Examples of these factors include the increase in 
temperature, changes in the socioeconomic environment, and technology development. These factors are 
difficult to quantify. This study discusses these other factors qualitatively but does not incorporate them 
into the model simulation.  
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3.  METHODOLOGY FRAMEWORK 
This study integrates climate change modules for water stress, flood impacts, and CO2 fertilization effects 
into an economywide, multisector, and multiregional model of the Ethiopian economy (Diao et al. 2005, 
2007). Because climate change affects agricultural production regionally and nationally, site-specific 
studies may underestimate the overall social and economic impacts (Reilly and Schimmelpfennig 1999). 
The multimarket model is therefore utilized to explore the regional impact of long-term climate change 
and variability. The simulation is performed for the period from 2003 to 2050. Future weather conditions 
are simulated based on predictions from IPCC AR4 atmosphere-ocean general circulation models 
(AOGCMs). These AOGCMs provide a relatively comprehensive representation of the climate system 
and have been applied as a research tool to study and simulate the climate for various purposes. Figure 1 
shows the conceptual framework of this study. Each of the components is described below. 
Figure 1. The conceptual framework of hydro-economic modeling of climate change impacts for 
Ethiopia  
 
Source: Compiled by authors. 
Note: CYF: Climate Yield Factor; FF: Flood Factor; CO2: Carbon Dioxide  
3.1. Multimarket Model 
The multimarket model developed by Diao et al. (2005, 2007) serves as the base model for this study. It 
comprises Ethiopia’s 11 administrative regions and 56 zones, and simulates growth impacts under various 
investment scenarios, including expansion of irrigation and fertilizer use. The model includes only 
benefits, and focuses on the agriculture sector, with 34 agricultural commodities and 2 aggregate 
nonagricultural commodities. Both agricultural production and consumption are defined at the zonal level, 
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The multimarket model is a computable general equilibrium (CGE) model based on neoclassical 
microeconomic theory. In the model, an aggregate producer represents a specific zone’s production of a 
specific sector. The supply function, instead of the production function, is used to capture each 
representative producer’s response to the market. Specifically, the supply functions are derived under 
producer profit maximization and are based on the producer prices of all commodities. 
The multimarket model includes an agricultural water extension to capture the links between 
water demand and supply and economic activity in the agriculture sector; this extension was developed by 
Rodgers (2004) and Block et al. (2006). A dynamic climate module incorporating a climate yield factor 
(CYF) was developed to evaluate the effects of water constraints. Based on the occurrence probability of 
extreme monthly precipitation, agricultural flood losses are estimated using a flood factor (FF) (Block et 
al. 2006).  
This study adds a component to describe the response of crop production to atmospheric 
conditions of gradually increasing CO2 concentration. These modules enable the multimarket model to 
consider most of the mechanisms driven by changing climate conditions. 
3.2. Climate Yield Factor Development  
The climate yield factor (CYF) is proposed as a single measure of climatic and locational suitability for 
growing a particular rainfed crop (Rodgers 2004). The multimarket model uses the CYF to simulate crop 
water deficits. It is based on established Food and Agriculture Organization of the United Nations (FAO) 
methodology, as outlined in FAO Drainage and Irrigation Papers 33 (FAO 1984) and 56 (FAO 1998). If 
effective water supply equals or exceeds demand in all periods, water availability is not yield-constraining 
and the CYF equals 1. When effective supply is less than demand in one or more months during which 
the crop is under cultivation, yield will be reduced by a CYF that is less than 1 to reflect the magnitude of 
overall and possibly of stage-specific water deficits. 
The CYF integrates available information related to crop survival and growth that depend on 
water supply and water demand of rainfed crops. The CYF is a function of crop and actual 














  (1) 
where s refers to both a seasonal or crop-stage value and c implies the specific crop considered. Ky values 
are predefined for each crop stage and for the season as a whole, and can be found in FAO Drainage and 
Irrigation Paper 33 (FAO 1984). In general, Ky values smaller than one tend to indicate resistance to 
drought, or drought tolerance, while values above unit point toward drought sensitivity. It is imperative to 
analyze both seasonal values and crop-stage values, as one detrimental crop stage could potentially ruin a 
crop. The CYF is therefore calculated for each crop stage, including vegetation, flowering, yield, and 
ripening, and for the season as a whole. Seasonal actual evapotranspiration (ETA) and potential crop 
evapotranspiration (ETC), or crop-stage ETA and ETC, are correspondingly used. 
ETA depends on effective precipitation and additional water availability for crop growth. This 
study applies the United States Department of Agriculture (USDA) Soil Conservation Service method to 
estimate effective precipitation for crops. ETC is calculated from reference crop evapotranspiration 
(ET0), which is based on the FAO Penman-Monteith equation, and an empirical coefficient Kc to 
reconcile crop- and crop-stage-specific demand to ET0. 
Once all the crop-stage and seasonal CYF values are established, the limiting CYF value for each 
crop in each zone is retained. Typically, the seasonal CYF produces the most restrictive value for crop 
growth. The calculation of the CYF requires information from climate, geographical, and cultivation 
conditions. This study uses selected IPCC AR4 AOGCM experiment results to obtain the necessary 
climate variables such as cloud fraction; specific humidity; average, maximum, and minimum daily 
temperatures; and wind speed. The simulations use current data for geographical and cultivation  
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conditions and assume that these will not change with time. The AOGCMs used in the model are 
discussed in Section 4.2. 
3.3. Flood Factor 
Estimation of economic loss caused by floods is important for a wide range of applications, including 
long-term flood control planning, emergency management, and land use planning and management 
(Burby 1998; NAP 1999; Mileti 1999). Climate change increases the probability of extreme precipitation, 
which can cause significant economic losses due to the destruction of both agricultural and 
nonagricultural commodities. The two general approaches for estimating flood impacts are (1) unit loss 
models and (2) detailed models that estimate the linkage effects between hydraulics and the economy 
(Parker 1992; Islam 2000). For both approaches, one of the most important issues in flood loss estimation 
is obtaining detailed flood parameters such as flow velocity, depth, and duration at any given location. 
However, obtaining these data relies either on hydrologic and hydraulic models or on complete historical 
records. 
Ethiopia lacks such nationwide hydrologic and hydraulic models as well as complete historical 
records for flood loss estimation. An alternative approach to calculate expected annual flood damage is 
the ―frequency method‖ (Carl and Davis 1989; USACE 1998). Using a concept similar to that of the 
frequency method, Block et al. (2006) suggested a flood factor (FF) to evaluate the economic loss due to 
flooding. The FF corresponds to the probabilistic chance of monthly precipitation occurring. Block et al. 
(2006) used the standard normal distribution of precipitation to represent the flooding effect for both 
agricultural and nonagricultural commodities. The magnitude of the FF determines the extent to which the 
CYFs are affected through reduction equations. However, the normal distribution may not describe 
precipitation behavior adequately. McMahon et al. (2007) indicated that the 2-parameter lognormal and 
gamma distributions are more generally applicable for precipitation. They also found that the normal 
distribution provides a poor approximation of the distribution in Africa. For this reason, this study 
conducted a frequency analysis of historical precipitation data in Ethiopia.  
Historical precipitation data are obtained from the East Anglia Climatic Research Unit (CRU), 
dataset TS 2.1, for the period 1901–2000. Table 1 lists the result of the chi-square test for both normal and 
lognormal distributions in September and for annual precipitation. The result shows that the lognormal 
distribution is a better fit compared to the normal distribution in most cases. In general, if the chi-square 
value is larger, the deviations are more likely to be significant, and the data are less likely to fit the 
expectations. Only the September precipitation in Jimma is more likely to follow the normal distribution. 
Accordingly, this study suggests using the lognormal distribution instead of the normal distribution to 
calculate the FF. The FF is therefore redefined by the probability function of lognormal distribution as: 
,  (2) 
where x is the monthly precipitation, and  and   are the mean and standard deviation oflog( ) x . 
The multimarket model estimates flood losses by calculating the reduction of agricultural and 
nonagricultural commodities in terms of the FF. Different FF values are calculated for vegetative, 
flowering, and harvest stages and rainy season months for various commodities, including livestock and 
nonagricultural commodities. As discussed by Block et al. (2006), the FF approach provides a very 
conservative estimate. The estimation of annual flood damage by climate predictions is naturally difficult. 
For climate prediction, for the most part, only monthly precipitation is relatively reliable. However, floods 
are storm-event-based, and the impacts are diversified in response to various local situations. In addition, 
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secondary and long-term effects. It should be kept in mind that the flooding impact could therefore be 
much more severe than indicated by the model prediction. 
Table 1. Chi-square test of Ethiopia’s precipitation 
  Distribution  Bahir Dar  Jimma  Addis Ababa  Awasa  Turmi 
Annual 
Normal  13.31  3.4  8.24  12.2  10.88 
Lognormal  6.26  2.08  5.38  9.3  8.68 
September 
Normal  23.42  2.08  11.0  97.7  54.46 
Lognormal  11.7  3.4  3.84  13.3  7.8 
Source: Compiled by authors.  
3.4. Response Function to Co2 Concentration 
Atmospheric CO2 is the sole source of carbon for plants. When the concentration of CO2 in the 
atmosphere is low, an increase in CO2 benefits plant growth, though differences exist between species 
(Poorter 1993). However, several other effects of CO2 interfere with positive fertilization. Plant growth 
modeling can serve as a tool to integrate effects ranging from simple removal of plant material to subtle 
toxic and hormonal effects (Rossing et al. 1992; Boote et al. 2003). 
Goudriaan and Zadoks (1995) proposed the model concept of ―potential yield,‖ which is 
determined by climate, CO2, and crop characteristics. This mechanistic model begins with normal, 
healthy crops not subject to any constraint and successively introduces yield-defining, limiting, and 
reducing factors. For CO2 concentration, Goudriaan and Zadoks summarized the results of detailed 
models into one equation. They applied a physiology-based model (Goudriaan et al. 1985) to simulate the 
overall crop response to different CO2 levels without any constraints. The results showed that the overall 
carbon response could be well described by a logarithmic response to ambient CO2, as in Equation (3): 
  00 (1 ln( / )) Y Y C C       (3) 
where Y stands for biomass and C for CO2 concentration during plant growth. The subscript 0 refers to 
standard conditions at 350 parts per million (ppm) of CO2. This equation is only descriptive and has no 
physiological meaning in itself, but it summarizes many observations and simulation results. The 
response factor  of modeled crop dry weight was found to be 0.5–0.7, depending on whether the 
increased carbon gain was reinvested. 
 
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4.  RESULTS AND DISCUSSION 
4.1. Economic Parameters 
Diao et al. (2005, 2007) estimated most of the economic parameters using a multimarket model and 
survey data. However, in recent years, the economy of Ethiopia has shown much higher growth than 
previously. According to a general equilibrium study by Willenbockel et al. (2008), the average GDP 
growth rate increases from 2.23 percent during 1997–2003 to 11.28 percent during 2003–2006. In the 
baseline scenario of the multimarket model, GDP is projected to increase by 3.1 percent per year, and 
agricultural GDP is expected to increase by 2.5 percent per year (Diao et al. 2005, 2007). Because of the 
recent progress in economic growth, the simulation of the multimarket model appears to underestimate 
current economic trends. This model also overestimates population growth. The model applies a 2.5 
percent yearly population growth rate during 2003–2015. If the same population growth rate is 
maintained in the future, Ethiopia’s population will reach 226 million in 2050. However, it is expected to 
be only approximately 170 million (Alexandratos 2005). 
To provide a more realistic projection of Ethiopia’s future conditions, adjustments to the current 
model were needed. This study adjusts the economic growth rate for all sectors to reflect the rapid growth 
of Ethiopia’s economy using various adjustment factors, which represent an increase in economic growth 
compared to 2003. The study also lowers the population growth rate to 1.96 percent to match other 
population projections. Table 2 shows the sensitivity of the analysis to various adjustment factors of 
economic growth. Six different values were tested in this study. In general, these economic indicators 
show a linear relationship to the change in the adjustment factor. The influence is mainly apparent in the 
nonagricultural sector. Agriculture shows a less significant response to economic growth. 
Although GDP growth over the last several years has been higher than 10 percent, it is unlikely 
that this rate will be maintained for a long period of time. A reasonable GDP growth rate is expected to be 
around 5 percent (X. Diao, personal communication, April 14, 2009). This study chooses 1.75 as the 
adjustment factor for the baseline scenario. Under the baseline scenario, nonagricultural growth is 
projected to be 5.85 percent per year; GDP and agricultural GDP are projected to increase by 4.59 percent 
and 2.82 percent per year, respectively. 
Other economic parameters are not adjusted. In this changing world, such an assumption is not 
highly realistic. Obviously, the behavior of producers and consumers would be influenced by 
technological change, the socioeconomic environment, and other unexpected changes. Although future 
social and economic conditions could be essential to a country’s development, they are very difficult to 
predict. Moreover, this study focuses primarily on the impact of physical climate conditions. Considering 
the limitations of knowledge and the scope of this study, no further changes in model projections were 
undertaken.  
The model simulates the expansion of irrigation infrastructure by increasing irrigated area with 
corresponding yield changes for crops. The expansion of irrigation in the simulation follows the Irrigation 
Development Program of the Water Sector Development Plan (WSDP 2002), developed by the Ethiopian 
Ministry of Water. Approximately 200,000 hectares of crop area are currently being irrigated in Ethiopia, 
accounting for just over 2 percent of all cropland. The new program details the addition of 274,000 
hectares of irrigated cropland, more than doubling the current investment. Just under half (46 percent) of 
the newly irrigated crops would be devoted to small-scale projects, and the remainder to large- and 
medium-scale projects. Half of the newly irrigated cropland is assumed to be cereal crops, and half cash 
crops. The approach assumes sufficient water will be available for irrigation; that is, it considers only 
irrigated area expansion without taking account of water resource availability. We assume the same for 
this study. 
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Table 2. Sensitivity analysis of multiple adjustment factors 
Adjustment factor  1  1.25  1.5  1.75  2  2.25  2.5 
GDP growth rate (%)  3.06  3.5  4.01  4.59  5.23  5.91  6.63 
Agricultural GDP growth rate 
(%)  2.78  2.79  2.8  2.82  2.84  2.86  2.89 
Nonagricultural GDP growth 
rate (%)  3.39  4.21  5.03  5.85  6.68  7.51  8.34 
GDP growth rate per capita 
(%)  1.08  1.51  2.01  2.58  3.21  3.87  4.58 
Agricultural GDP growth rate 
per capita (%)  0.8  0.81  0.83  0.84  0.87  0.89  0.91 
Nonagricultural GDP growth 
rate per capita (%)  1.4  2.2  3.01  3.82  4.63  5.44  6.25 
Poverty rate by 2003 (%)  41.54  41.54  41.54  41.54  41.54  41.54  41.54 
Poverty rate by 2050 (%)  26.04  21.02  16.14  10.94  6.67  4.12  2.28 
Source: Compiled by authors.  
4.2. Projection of Climate Data 
This study uses climate predictions from IPCC AR4. The GHG forcing used by the IPCC AR4 models is 
derived from the Special Report on Emissions Scenarios (SRES). The SRES provides the socioeconomic 
and emission storylines that are used by a range of integrated assessment models (IPCC 2000). This study 
uses three marker scenarios—SRES A1B, A2, and B1—to represent potential future climate conditions. 
Among these scenarios, the SRES A1B is a more moderate case, representing a more integrated world 
that puts a balanced emphasis on all energy sources. The SRES A2 scenario, on the other hand, reflects a 
more divided world with higher GHG emissions, while the SRES B1 scenario describes a more integrated 
and ecologically friendly world. 
Two different carbon cycle models, ISAM (Kheshgi and Jain 2003) and the Bern model (Joos et 
al. 2001), are used to calculate the CO2 concentration projections for each SRES scenario. The carbon 
cycle models used to generate the forcing used by various AR4 AOGCM models are listed in Table 3. 
Table 3. Carbon cycle models used for AOGCMs 
Carbon Cycle Model  General Circulation Model 
ISAM  MRI:CGCM2_3_2; NASA:GISS-AOM; GISS-EH; GISS-ER; GFDL:CM2 GFDL:CM2_1 
BERN-CC  BCC:CM1; BCCR:BCM2; CNRM:CM3; INM:CM3; IPSL:CM4; LASG:FGOALS-G1_0; 
NCAR:CCSM3; NIES:MIROC3_2-HI, MIROC3_2-MED; UKMO:HADCM3, HADGEM1 
Source: Compiled by authors. 
Based on each emissions scenario, ensemble results of AOGCMs (23 models from 17 
institutions) are used to provide further analysis in AR4. This study assumes that the ensemble results of 
IPCC AR4 AOGCMs can provide reasonable projections of future climate conditions in Ethiopia. Instead 
of using all 23 models, this study selects a subset of AOGCMs that provide complete datasets needed for 
our simulations. Table 4 lists these AOGCMs. 
Several methods exist for combining the ensemble simulations from multiple AOGCMs 
(Robertson et al. 2004). The most straightforward method is to simply ―pool‖ the ensembles of the 
different models together to form a large superensemble, giving each member equal weight (Hagedorn 
2001; Palmer et al. 2004; Doblas-Reyes, Hagedorn, and Palmer 2005). To go beyond this, each AOGCM 
can be given an optimal weight according to its historical hindcast for a particular location (see, for  
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example Cai et al. 2009). Although more sophisticated approaches are believed to perform better in 
removing the bias, they are computationally outside the scope of this study.  
This study extracts AOGCM data from 0.5-by-0.5-degree grids as a CRU dataset for all of 
Ethiopia. However, AOGCMs have different spatial resolutions. To extract the data from these grids, this 
study applies the cubic spline method to interpolate the data from neighbor points. A cubic spline is a 
piecewise third-order polynomial function that passes through a set of control points. Using the form of a 
cubic spline, a series of continuous and smooth surface functions are constructed by fitting to the gridded 
data points. These surface functions are used to describe the two-dimensional domain and calculate the 
data value of grids that are not located in grid points. 
Applying the optimal weight approach in each grid point is difficult; simple ensemble approaches 
can provide reasonable and comparable results in some cases (Barnston et al. 2003). In this study, for the 
sake of simplicity, we have adopted the simple ensemble mean method based on the assumption that each 
AOGCM provides a reasonable representation of future climate conditions in Ethiopia. Although the 
IPCC report notes that the model may have systematic problems in Africa, this study assumes that the 
data quality concerns can be ignored. 
Table 4. Selected AOGCMs for the multimarket model 
Scenarios  SRES A1B  SRES A2  SRES B2 
AOGCM 
BCCR BCM2.0 
GISS AOM run1 
GISS AOM run2 
CSIRO Mk3.0 
INM CM3.0 
NIES MIROC3.2 hires 
NIES MIROC3.2 medres run1 
NIES MIROC3.2 medres run2 
BCCR BCM2.0 
GISS AOM run1 
GISS AOM run2 
CSIRO Mk3.0 
INM CM3.0 
NIES MIROC3.2 hires 
NIES MIROC3.2 medres run1 




NIES MIROC3.2 medres run1 
NIES MIROC3.2 medres run2 
Source: Compiled by authors. 
AOGCMs are simplifications of reality built to capture the primary forces driving historical 
realizations. Considerable uncertainty exists as to AOGCMs’ performance under unprecedented 
conditions. These AOGCMs generate a wide range of climate predictions. The pooled ensemble approach 
considers the projection from each AOGCM as an individual scenario rather than simply averaging the 
results of the AOGCMs. Therefore, the important and significant changes in trends and changes in 
variability are not lost. Applying the pooled ensemble approach, this study integrates AOGCM results 
into the multimarket model. Each AOGCM is treated with the same weight to represent the climate in the 
period 2003-2050. The multimarket model provides an analysis of economic growth to explore the impact 
of various climate change factors. The impact of climate change can be identified by comparing the 
simulation results with current and potential future conditions. 
4.3. Impact of Co2 Fertilization 
In this study, the effect of CO2 fertilization is independent from other factors. Due to human activities, the 
concentration of CO2 is expected to significantly increase in the future. According to SRES estimates the 
concentration of CO2 will reach around 1.5 times the current level by 2050. Table 5 shows the projections 
of CO2 concentrations from carbon cycle models. 
This enrichment of CO2 will positively influence crop production and benefit Ethiopia’s 
economy. This study applies the logarithmic response function, Equation (3), suggested by Goudriaan and 
Zadoks (1995) to estimate the yield of all crops in a multimarket model. In Equation (3), the coefficient of 
the response factor   must be decided based on the field situation. In order to estimate its value, this study 
performs the sensitivity analysis of the response factor.   
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Table 6 presents the GDP increase compared to the baseline simulation for ISAM A1B with 
different values. When the values are in the suggested range of 0.5 to 0.7, the multimarket model shows 
that the increase in GDP due to CO2 fertilization ranges from 6 to 8 percent, while the increase in 
agricultural GDP is between 8 and 10 percent. Generally, the model result is not very sensitive to the 
value of the response factor. This study chose to apply   0.6, the middle value, for further analysis. 
Although using this value provides a conservative estimate, the response factor is better determined by 
field experiments using historical data. Moreover, CO2 fertilization may not have a homogeneous effect 
on different crops. Also, early studies tend to overestimate CO2 fertilization effects on crop yields (Long 
et al. 2006). These are the limitations of this study; however, only a few studies can be found for Ethiopia. 
Table 5. CO2 concentration from carbon cycle models for SRES 
Carbon cycle model  ISAM  Bern-CC 
Year  A1B  A2  B1  A1B  A2  B1 
2000  369  369  369  367  367  367 
2010  391  390  388  388  386  386 
2020  420  417  412  418  414  410 
2030  454  451  437  447  444  432 
2040  491  490  463  483  481  457 
2050  532  532  488  522  522  482 
Source: Compiled by authors. 
Table 6. Sensitivity analysis of logarithmic response factor of CO2 concentration 

 
Percentage of GDP increase in 2050  Percentage of agricultural GDP increase in 2050 
0.5  6.17%  7.89% 
0.55  6.74%  8.65% 
0.6  7.31%  9.40% 
0.65  7.88%  10.15% 
0.7  8.43%  10.90% 
Source: Compiled by authors. 
Table 7 presents GDP growth for different marker SRES scenarios in this study. As expected, the 
result shows that CO2 fertilization chiefly affects the agricultural sector and therefore also affects overall 
GDP growth. Among these SRES scenarios, no significant difference can be observed. For SRES B1, 
because the concentration of CO2 from two carbon cycle models is relatively lower, the GDP increase is 
also lower than in the other scenarios.  
As shown in Table 7, the change in GDP is around 4 percent for SRES A1B and A2, and around 
3 percent for the B1 scenarios. Table 8 shows that the irrigation program will enhance GDP under climate 
change. When the irrigation program is included, the increase in GPD rises to around 6 percent for A1B 
and A2, and 4 to 5 percent for B1. 
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Table 7. Economic growth under different SRES without WSDP 
  BASE  ISAM-A1B  ISAM-A2  ISAM-B1  Bern-A1B  Bern-A2  Bern-B1 
GDP growth rate (%)  4.59  4.69  4.69  4.67  4.68  4.68  4.66 
Agricultural GDP growth 
rate (%)  2.82  3.09  3.09  3.03  3.08  3.08  3.02 
Nonagricultural GDP 
growth rate (%)  5.85  5.88  5.88  5.88  5.88  5.88  5.88 
GDP (US$ billion) in 2050  72.87  76.07  76.08  75.34  75.97  75.98  75.29 
Change  -  4.39%  4.40%  3.40%  4.26%  4.28%  3.32% 
Source: Compiled by authors. 
Table 8. Economic growth under different SRES with WSDP (irrigation development program) 
  BASE  ISAM-A1B  ISAM-A2  ISAM-B1  Bern-A1B  Bern-A2  Bern-B1 
GDP growth rate (%)  4.86  4.99  4.99  4.96  4.99  4.99  4.96 
Agricultural GDP growth 
rate (%)  3.72  4.03  4.03  3.96  4.02  4.02  3.95 
Nonagricultural GDP 
growth rate (%)  5.85  5.87  5.87  5.87  5.87  5.87  5.87 
GDP (US$ billion) in 2050  82.24  87.19  87.20  85.99  87.02  87.04  85.90 
Change  -  6.02%  6.03%  4.56%  5.81%  5.83%  4.45% 
Source: Compiled by authors. 
4.4. Climate Change and Variability 
As discussed in previous sections, the hydrological impacts of climate change are related to two main 
factors: (1) water constraints to rainfed crops and (2) damage to agricultural and nonagricultural sectors as 
a result of flooding. The first factor is represented by the CYF, which depends on the balance between 
water demand (ET0) and water availability (precipitation), while the second factor is interpreted by the 
FF, which is determined by the probability of precipitation events. From this perspective, precipitation 
and reference evapotranspiration are the two main driving forces in the hydrologic assessment. To 
determine their original influence in the hydrological process, this study compares Atmosphere-Ocean 
General Circulation Model (AOGCM) hindcast results with future projections. The change in ET0 and 
precipitation is examined from 2003-2050 (the study period) and 1971-2000 (the base period). 
The analysis of precipitation from the selected AOGCMs confirms the statement from IPCC 
AR4, ―There is likely to be an increase in annual mean rainfall in East Africa.‖ Table 9 presents the 
change in average annual precipitation between the study period (2003-2050) and the base period (1971–
2000) in Ethiopia. The degree of change corresponds to the different scenarios. SRES A2 has the highest 
degree of change, at 6 percent, and SRES B1 has the lowest, at 1.26 percent. The change in the moderate 
case, SRES A1B, is between these values, at around 5 percent. In addition to the amount of precipitation, 
incremental variability of precipitation is also examined. The standard deviation calculated from the 
AOGCMs also increases during the study period. Therefore, Ethiopia is likely to face more fluctuating 
rainfall, which will affect the stable water supply for crop cultivation and also increase the possibility of 
flooding. 
Table 10 shows the comparison for ET0 between historical and future periods. In general, climate 
change causes an increase in ET0 but not a significant one. Based on the Penman-Monteith equation, the 
expected increase in temperature contributes to the increase in ET0. However, higher humidity and the 
decrease in surface radiation associated with increases in clouds alleviate this effect. Although the annual 
mean ET0 does not change significantly, for most areas ET0 appears to increase from May to October,  
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during the crop growth season. Moreover, the climate variability impact on ET0 is also evident. As with 
precipitation, AOGCMs have a larger standard deviation which implies higher climate variability. 
Because the change in standard deviation is much more obvious than the change in mean value, interyear 
and intrayear fluctuations in ET0 have a greater impact on the economy than do long-term trends. 
In summary, the selected AOGCMs predict both the increases and fluctuations in precipitation 
and ET0. Although increases in temperature and climate variability are expected, there remains 
uncertainty surrounding long-term trends in precipitation. A study by Willenbockel et al. (2008) finds a 
wide range of precipitation forecasts from conflicting models. These conflicting predictions make it 
difficult to draw clear conclusions about precipitation trends in Ethiopia. However, a comparative 
assessment of AOGCMs is beyond the scope of this study. This study simply assumes that the AOGCMs 
provide reasonable projections. The uncertainty surrounding AOGCM results requires additional research.  
Precipitation and ET0 have a two-way influence. A slight increase in both average precipitation 
and ET0 are expected from the AOGCM results. The increase in precipitation increases the effective 
water supply to crops, while evapotranspiration increases water demand. The long-term change in crop 
production due to water constraints is not yet clear. However, the long-term change is relatively small 
compared to changes in variability.  
AOGCM results demonstrate increasing fluctuation in both precipitation and ET0. Due to the 
linearity of the FAO’s method, the fluctuation does not have significant influence on crop yields. This 
issue will be discussed below, with the support of economic model results. From the observation of input 
data, a more certain expectation is that the increasing amount and fluctuation of precipitation will cause 
more frequent floods in Ethiopia. Table 11 shows the exceedance probability of flood events for various 
return periods in the rainy season, based on monthly precipitation data. Because of climate change and 
increased variability, the probability of flood events increases several times compared to the historical 
level. The more significant difference can be observed for low-probability extreme events. For example, 
100-year return period events increase to approximately 10 times the historical level, while 20-year return 
period events increase only to approximately 3 times. In the future, more frequent flooding could have a 
negative impact on the country’s economy. 
Table 9. Comparison of annual precipitation between CRU and AOGCM  
SRES  CRU data  AOGCM data  Change 
  1971–2000   2001–2050  (%) 
A1B  1141  1197.8  4.98 
A2  1031  1092.8  6.02 
B1  1141  1155.4  1.26 
Source: Compiled by authors. 
Note: Unit: mm 
Table 10. Comparison of annual average daily ET0 between CRU and AOGCM  
  CRU data  AOGCM data  Change 
   1971–2000   2001–2050  (%) 
A1B  5.55  5.65  1.77 
A2  5.82  5.93  1.91 
B1  5.55  5.65  1.74 
Source: Compiled by authors. 
Note: Unit: mm 
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Table 11. Exceedance probability of different return period flood events 
Return period  20 year  50 year  100 year 
Historical period  5%  2%  1% 
A1B  14.72%  11.87%  9.84% 
A2  14.43%  11.60%  9.28% 
B1  15.94%  12.60%  10.39% 
Source: Compiled by authors. 
Applying the climate predictions to the multimarket model, the impact of climate change and 
variability can be simulated. This study first incorporates only the CYF without considering the FF to 
distinguish between the influence of water constraints and flooding.  
Figure 2 presents results from the multimarket model only considering the CYF. The multimarket 
model does not show significant differences in outcomes with respect to IPCC scenarios. For all three 
IPCC scenarios, the average GDP projections with AOGCM results are very similar to the baseline 
simulation. That is, the change in climate conditions does not appear to alter GDP growth rates 
significantly. With the current model framework, neither long-term climate trends nor hydrological 
fluctuations have an obvious impact on economic development. The possible reasons are as follows: (1) 
the long-term impact of climate change is not significant, as increases in precipitation and ET0 are small 
and have opposite effects, and (2) due to the linearity of the FAO’s methodology in determining CYFs, 
means of variability should align with the mean. Figure 3 shows the simulation of GDP growth with the 
irrigation investment program included. Irrigation is modeled through incorporation of yield improvement 
in the CGE model following Diao et al. (2005, 2007) and Block (2006). According to this graph, climate 
variability does not diminish the benefit of the WSDP. GDP in 2050 grows from around US$72 billion 
without the irrigation program to US$82 billion with the irrigation program. Again, no significant 
differences can be found for different IPCC scenarios.  
In addition to the CYF, this study further considers the impact of flooding by adding the FF in the 
multimarket model.  
Figure 4 shows an obvious negative impact of flooding when the WSDP is not applied. Unlike 
water constraints, flooding has an obvious nonlinear impact on economic growth in Ethiopia. Compared 
to water constraints, climate change and variability have a much more significant impact on the FF in 
Ethiopia.  
GDP in 2050 is reduced from US$72 billion to around US$40 billion without the WSDP for 
SRES A1B and B1; and to US$34 billion for SRES A2. The loss for different scenarios ranges from 
US$12 billion to US$13 billion. The projections including the WSDP are shown in Figure 5. With the 
WSDP, flood damage is around US$82 billion and US$50 billion for SRES A1B and B1, respectively, 
while it is expected to be US$42 billion for SRES B2. The loss is similar when the irrigation program is 
applied. While the impact of water constraints is not significant because the relationship of crop yield 
response to water is linear, based on FAO Drainage and Irrigation Papers 33 and 56 (FAO 1984, 1998), 
the nonlinear impact of flooding results in noticeable differences between IPCC scenarios. SRES A2, with 
higher future GHG emissions and more serious climate change, results in the lowest GDP growth 
according to the model. However, the trends in GDP growth for SRES A1B and A2 are very close to each 
other. No significant differences between these two scenarios can be observed.  
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Figure 2. Simulations of GDP growth with CYF parameter without WSDP 
 
Source: Compiled by authors. 
Figure 3. Simulations of GDP growth with CYF parameter with WSDP 
 
Source: Compiled by authors.  
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Figure 4. Simulations of GDP growth with CYF and FF parameters without WSDP 
 
 
Source: Compiled by authors. 
Figure 5. Simulations of GDP growth with CYF and FF parameters with WSDP 
 
Source: Compiled by authors.  
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Figure 6. Simulations of GDP growth with all climate factors without WSDP 
 
Source: Compiled by authors. 
4.5. Composite Outcome of All Climate Factors 
Economic projections can also be conducted using composite simulations that incorporate all climate 
factors affecting economic growth. While the previous section discussed the separate influences of the 
various factors and distinguished their effects, the results from the composite simulations serve as a full 
representation of the future potential situation in Ethiopia under different scenarios. 
Figure 6 shows the simulation of average GDP growth for SRES A1B, A2, and B1. Under the 
influence of various factors, the results demonstrate that the impact of climate change is increasing almost 
monotonically in its severity. SRES B1 has the highest level of GDP growth due to lower hydrological 
variability. The more severe climate change scenario, SRES A2 has an adverse impact on the economy. 
Although CO2 fertilization has a positive influence on economic growth for this scenario, it does not show 
a dominant effect. The benefit of CO2 enrichment works only when it is not accompanied by losses due to 
hydrologic variability compared to the base scenario. 
Figure 7 shows average GDP growth under the different scenarios with the WSDP irrigation 
program. The irrigation program could enhance the positive influence and reduce the negative impact of 
climate change. With the WSDP, GDP projections are US$54.7 billion, US$50.2 billion, and US$56.2 
billion for SRES A1B, A2, and B1, respectively. Compared to the GDP projection of the base scenario, 
US$82.2 billion, the losses due to climate change are between US$27 billion and US$32 billion—around 
35 percent of GDP. GDP projections without the WSDP are US$44.4 billion, US$40.3 billion, and 
US$45.8 billion, respectively, for SRES A1B, A2, and B1. The losses are also between US$28 billion and 
US$32 billion—around 40 percent of the base scenario’s GDP, US$72.8 billion—a little higher than 
when the WSDP is applied.  
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Figure 7. Simulations of GDP growth with all influencing factors with WSDP 
 
Source: Compiled by authors. 
Note: All factors include CO2 fertilization effect, climate change and variability (CYF and FF). 
Table 12 compares the different economic indicators among all scenarios and the application of 
the WSDP. As shown in Figure 6 and Figure 7, SRES B1 has the highest rate of GDP growth. Table 12 
indicates the value of the GDP growth rate. For SRES B1, the GDP growth rate is 3.44 percent without 
the WSDP and 3.93 percent with the WSDP. The growth rates for the other two scenarios are around 0.03 
to 0.3 percentage points lower than for SRES B1. As discussed above, economic growth is slowed by 
flood losses. In comparing agricultural and nonagricultural GDP growth rates, it is evident that flood 
losses have a more significant impact on nonagricultural commodities. The nonagricultural GDP growth 
rate is correlated with the level of climate change. SRES B1, which represents a more ecologically 
friendly future, results in the highest nonagricultural GDP growth rate, while SRES A2, the scenario with 
the highest level of GHG emissions, results in the lowest levels of GDP growth. 
The growth in agricultural GDP does not follow the same trends as growth in the nonagricultural 
sector. SRES A1B has the highest agricultural GDP growth rate, while SRES A2 has the lowest rate, for 
projections both with and without irrigation expansion. SRES A1B has the highest agricultural GDP 
growth rate because of less hydrological variability and higher efficiency of photosynthesis. The positive 
effect of CO2 fertilization on photosynthesis is counteracted by the negative impact of floods. Therefore, 
the most severe climate change scenario, SRES A2, shows the greatest impact on agricultural growth. The 
benefit of CO2 enrichment is apparent only when it is not accompanied by losses due to hydrologic 
variability.  
This study further evaluates the impact of climate change on five agricultural subsectors: grains, 
staple crops, cash crops, exportable cash crops, and livestock. Table 13 shows the percentage of crop 
production values for different SRES scenarios compared to the baseline scenario. Among these 
agricultural subsectors, livestock directly and significantly responds to the degree of climate change, with 
reductions in productivity highest under scenario A2 and lowest under scenario B1. Similarly, the 
production of staple crops is affected by climate change, although to a lesser extent than livestock. 
However, for cash crops and exportable cash crops, production values decline slightly under some 
scenarios and increase under other scenarios compared to the baseline. Including the WSDP, the results  
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show an increase in production of cash crops and exportable cash crops under all scenarios. Among these 
scenarios, A1B shows the highest benefit. One reason for this is the CO2 fertilization effect. A second 
reason could be that the loss of nonagricultural production under climate change provides some 
opportunity for expanded production of these crops.  
The multimarket model is also able to explore the regional effects on different commodities. The 
model shows that the responses of various commodities to climate change are not homogenous. Among 
the commodities discussed here, climate change has the greatest positive influence on the nonagricultural 
sector, which affects GDP growth, and the greatest negative influence on staple crops and livestock, 
which play a central role in decreasing poverty and promoting economic growth in Ethiopia (Diao et al. 
2005, 2007). Other commodities do not show a clear relationship to climate change impacts.  
A previous study (Diao et al. 2005, 2007) indicated that the business-as-usual scenario will result 
in stagnant economic growth in Ethiopia and further deteriorate the country’s food security situation. 
However, if the economic growth experienced in recent years is maintained and population growth is 
limited, the situation will be less difficult. The model results indicate that climate change threatens 
economic growth and poverty reduction. Without the irrigation program, the poverty rate would decrease 
slightly, from 41.5 percent in 2003 to around 36 percent and 38 percent in 2050 under SRES A1B and B1, 
respectively. When climate change is more severe, under SRES A2, the poverty rate is expected to 
increase. With investment in irrigation, the poverty rate ranges from 30 to 35 percent (without considering 
the costs of investment). SRES B1, which results in the highest GDP growth rate, does not result in the 
lowest poverty rate. Rather, the poverty rate under SRES A1B is the lowest across the different scenarios. 
Although GDP growth is relatively high under SRES B1, this is driven more by growth in the 
nonagricultural sector, while agricultural sector growth is small. However, most regions in Ethiopia still 
rely heavily on agriculture. Given that agricultural growth is highest under SRES A1B, this scenario may 
also result in a more equal distribution of wealth. Therefore, the poverty rate under SRES A1B is lower 
compared to other scenarios.  
A general equilibrium study by Willenbockel et al. (2008) takes an optimistic view of Ethiopia’s 
development. The study generated a 7.48 percent average annual GDP growth rate for the base run 
simulation. For other scenarios, Willenbockel et al. estimated that GDP growth rates will be between 5 
and 7 percent. However, this study found that climate change will have a greater influence on economic 
growth in Ethiopia, and estimated that GDP growth will decline from 5 percent to between 3 and 3.5 
percent due to future climate change. The main reason for the difference in findings is that the study by 
Willenbockel et al. did not incorporate climate variability in the presence of nonlinearity and threshold 
effects, which significantly underestimated the impact of climate change on GDP.   
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Table 12. Economic indicators of multimarket model simulation for different SRES scenarios 
  No Irrigation    With the WSDP 
SRES         A1B        A2        B1            A1B        A2       B1 
GDP growth rate (%)  3.41  3.16  3.44    3.90  3.68  3.93 
Agricultural GDP growth rate (%)  2.49  2.03  2.25    3.61  3.29  3.46 
Nonagricultural GDP growth rate (%)  4.22  4.11  4.40    4.19  4.08  4.37 
GDP growth rate per capita (%)  1.42  1.18  1.45    1.90  1.69  1.93 
Agricultural GDP growth rate per capita (%)  0.52  0.07  0.28    1.61  1.30  1.47 
Nonagricultural GDP growth rate per capita (%)  2.22  2.11  2.40    2.19  2.08  2.37 
Poverty rate by 2003 (%)  41.54  41.54  41.54    41.4  41.4  41.3 
Poverty rate by 2050 (%)  35.06  42.52  38.23    29.3  35.0  30.8 
Source: Compiled by authors. 
Table 13. Percentage of agricultural production values for different SRES compared to baseline scenario  
Crops 
No Irrigation  WSDP 
Baseline         A1B  A2        B1  Baseline         A1B       A2       B1 
Grains  7934  81.92%  70.78%  70.85%  9454  68.75%  59.40%  59.46% 
Staples  2891  70.00%  67.90%  73.99%  2747  71.77%  67.33%  73.90% 
Cash crops  1939  100.88%  89.12%  98.48%  3194  112.48%  103.20%  110.11% 
Export cash crops  1346  108.10%  91.93%  104.60%  2442  118.17%  107.64%  115.24% 
Livestock  12700  50.66%  49.33%  59.82%  34556  56.99%  56.22%  70.13% 
Source: Compiled by authors. 
Note: Unit = USD million 
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4.6. Risk Analysis of Climate Change Impact 
This analysis is based on the ensemble of the multimarket model results according to different AOGCM 
experiments. Each AOGCM experiment is treated as one individual realization with the same weighting. 
The probabilistic projection can be determined by analyzing the statistical properties of sets of model 
ensemble results. According to the central limit theorem, GDP and the poverty rate are both assumed to 
have a normal distribution. The risk level is assessed by fitting the probability curve to the normal 
distribution.  
Figure 8 shows the exceedance probability of GDP in 2050 without the WSDP. GDP has around 
a 60 percent probability of being higher than US$35 billion to US$45 billion. With the WSDP (Figure 9), 
GPD has a 60 percent probability of being higher than US$45 billion, reaching US$55 billion. For the 
different scenarios, the risk level is slightly different. Figure 10 shows the poverty rate. Without the 
irrigation program, there is around a 40 percent possibility that the poverty level will be lower than the 
current condition. The possibility is much higher when the irrigation program is applied, as shown in 
Figure 11. The chance could be around 70 to 80 percent. 
Figure 8. Risk analysis of GDP in 2050 without WSDP 
 
Source: Compiled by authors. 
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Figure 9. Risk analysis of GDP in 2050 with WSDP 
 
Source: Compiled by authors. 
 
Figure 10. Risk analysis of poverty rate in 2050 without WSDP 
 
Source: Compiled by authors. 
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Figure 11. Risk analysis of poverty rate in 2050 with WSDP 
 
Source: Compiled by authors.  
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5.  CONCLUSION 
This study analyzes the potential challenges that climate change presents to Ethiopia’s economy. Three 
major influence factors—water constraints, flood losses, and CO2 fertilization—are included in the 
multimarket model to examine Ethiopia’s vulnerability to climate change. Using this modeling 
framework, the major impact of climate change on the economy is shown to be related to more frequent 
extreme hydrologic events, which cause losses in both the agricultural and nonagricultural sectors. 
Generally, the nonagricultural sector has a significant and increasing effect on Ethiopia’s economy, as it 
is expected to grow much faster than the agricultural sector over time. Although growth in the 
nonagricultural sector could increase the country’s GDP, it could also lead to higher rural poverty due to 
unfair wealth distribution.  
The benefit of the irrigation program proposed by the WSDP has been shown to mitigate the 
negative impacts of climate change on the country’s economy. Therefore, the government should 
continue its investment in infrastructure for both flood protection and drought resilience. This investment 
can help Ethiopia reduce its vulnerability to the threats posed by future climate change. In addition to 
expanding irrigation infrastructure, Ethiopia may need to be well prepared for the increased frequency of 
flood events. Infrastructure that can contribute to both irrigation and flood control should, therefore, be 
given a higher priority. For example, multifunctional reservoirs would be a good option for government 
investment. Small-scale, low-head river dams and detention ponds are also a good way to manage the risk 
of floods and expand irrigation. For high-risk flood areas, levees or other flood-protection structures may 
be necessary, even though these structures may have a negative impact on irrigation. 
The modeling results also show that global change has some implications for regional wealth 
distribution. While the nonagricultural sector appears to be more profitable and has a dominating effect on 
Ethiopia’s economic growth out to 2050, the development of the nonagricultural sector may benefit only a 
small portion of the population or specific regions. Most of the population still relies on agriculture for 
survival, although investment in the agricultural sector appears to contribute less to overall economic 
growth. Therefore, given concerns about wealth distribution and poverty, Ethiopia still needs to invest 
more resources to improve the nation’s agricultural sector.  
Many of the limitations of this study have been discussed in previous sections. In addition, some 
climate factors—such as an increase in temperature, which may affect agricultural productivity—are not 
yet covered in the current study. Temperature is an essential determinant of crop growth. However, the 
mechanism by which crop yields respond to temperature is complex. It is difficult to incorporate the 
temperature effect into a multimarket model. Integrating available crop yield models into the current 
modeling framework is needed to better interpret the relationship between crop growth and climate 
factors and is an area that requires further study.  
Moreover, the reliability of the climate conditions projected by IPCC AR4 is still being debated. 
In the current study, only the irrigation program is considered as a strategy to combat the impact of 
climate change. Adaptations such as shifting agricultural land, technology development, or shifting 
production are not incorporated into the current modeling framework. Further work is needed to more 
precisely determine the impact of various climate factors and to evaluate potential policy scenarios that 
could mitigate the negative impacts of climate change. This knowledge will be helpful for Ethiopia in 
developing strategies to avoid deterioration and economic loss in the future.  
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